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(57) ABSTRACT

In a signal line driver circuit for an active matrix type
display device for performing a plurality of gradation
displays, an output signal of a synchronous type clock
counter 1s supplied as an address signal to an address
decoder circuit through address lines. Gradation data is
stored 1n latch circuits 1n accordance with the address signal
used as latch pulse. In a synchronizing circuit, an output
timing of the gradation data stored in the latch circuits 1s
synchronized with a display scan timing. After the output
oradation data 1s converted into an analog gradation voltage,
the analog gradation voltage 1s applied to a pixel portion
through an analog switch.
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ACTIVE MATRIX DISPLAY WITH
SYNCHRONOUS UP/DOWN COUNTER AND
ADDRESS DECODER USED TO CHANGE
THE FORWARD OR BACKWARD
DIRECTION OF SELECTING THE SIGNAL
OR SCANNING LINES

BACKGROUND OF THE INVENTION

The present 1nvention relates to a driver circuit for a
display device, and in particular, to a driver circuit suitable
use 1n a liquid crystal display device.

Recently, a line sequential scanning circuit using a shift
register has been mainly used as a driver circuit for a display
device such as a liquid crystal display device of an active
matrix type.

Gradation signals for providing a gradation display are
classified into the digital system and the analog system. In
both systems, a signal 1s mput to registers which are con-
nected 1n series by n-stages (n: the number of pixels in a
horizontal direction or vertical direction) so as to be delayed
and transmitted, thereby performing a line sequential scan-
ning operation.

Each register 1s connected with a sample and hold circuit
and a signal amplifying circuit, and a signal which has
passed through those circuits 1s transmitted to a pixel portion
through a signal line.

A schematic diagram of the overall liquid crystal display
device 1s shown 1 FIG. 1.

A signal line driver circuit 101 and a scanning line driver
circuit 102 are arranged on the same glass substrate, and a
liquid crystal pixel portion 103 i1s disposed in the center
portion of the display device.

The signal line driver circuit 101 and the liquidcrystal
pixel portion 103 are connected to each other through
vertical signal lines X1, X2, . . ., whereas the scanning line
driver circuit 102 and the liquid crystal pixel portion 103 are
connected to each other through horizontal scanning lines
Y1, Y2, . . . Thin film transistors (TFIs) as switching
clements are disposed on the respective 1ntersections of the
signal lines and the scanning lines 1n the form of a matrix.

A source electrode of the TFT 1s connected to the signal
line, a gate electrode thereof 1s connected to the scanning
line thereof, and a drain electrode thereof 1s connected to a
pixel electrode of the liquid crystal pixel portion 103. The
pixel electrode 1s opposed to a counter electrode through the
liquad crystal.

Signals are transmitted from the scanning line driver
circuit 102 to the liquid crystal pixel portion 103 through the
scanning lines Y1, Y2, . . . 1n synchronism with a timing at
which the signal lines X1, X2, . . . are sequentially driven by
the signal line driver circuit 101, thereby providing a signal
necessary for image display.

An example of the line sequential driver circuit of the
analog system type 1s shown 1n FIG. 2. In FIG. 2, numeral
220 1s a signal line driver circuit, and numeral 201 1s a
scanning line driver circuit.

In the signal line driver circuit 201, a shift register 200 1s
connected with a source voltage Vdd 202, Vss 203 and a
clock pulse CP 204, and an imnput start pulse SP 205 is
delayed by and transmitted through flip-flop circuits (F.F.
circuits) connected in series inside thereof.

The outputs of the shift registers 200 constructed by
n-stage serial connections are Q0, Q1, . . . Qn. Using those
outputs as a timing signal, a video signal 206 is output to a
sampling circuit (not shown) through an analog switch 207.
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In the sampling circuit, gradation data 1s sampled. Sampled
analog gradation data 1s stored 1n an analog memory 208,
which constitutes a sample and hold circuit, once before the
data 1s 1nput to a pixel portion.

In accordance with a scanning timing due to a latch pulse
209 mput from the external, the analog gradation data stored
in the analog memory 208 1s subjected to an 1mpedance

conversion by an analog buffer 210 before the data is
transmitted to a pixel portion 212 through a signal line 211.

The above path 1s obtained through the shift register 200
at each stage so that the image line sequential scanning
operation 1s conducted.

In this example, the line sequential scanning driver circuit
of the analog system 1s described. In the digital system, the
analog memory 208 1s replaced by a latch circuit for storing,
the gradation data.

However, 1n any of the analog or digital systems, since the
line sequential scanning operation 1s conducted using a shift
register, 1f there exists even one defective circuit 1n the shaft
register connected by a plurality of stages, a signal 1s not
transmitted to the registers which are arranged at-the stages
subsequent to the stage where the defective circuit exists. As
a result, an excellent display state cannot be obtained, and
yield for the display device 1s lowered.

In a general projection type display device, represented by
a liquid crystal projector shown in FIG. 4, three hquid
crystal light valves 401, 402 and 403 for R (red), G (green)
and B (blue) are independently used in the three plate type.
A light wrradiated from a lamp 1s polarized by a polarizing
prism and separated into red polarization, green polarization
and blue polarization by a dichroic mirror. While the light 1s
separated, a red polarization component, a green polariza-
fion component, and a blue polarization component are
incident to a red liquid crystal panel, a green liquid crystal
panel, and a blue liquid crystal panel, through a projection
lens, respectively.

In this situation, after passing through the light valves
401, 402 and 403, the green polarization component and the
blue polarization component are reversed an even number of
fimes by a reflecting mirror while the red polarization
component 1s reversed an odd number of times.
Consequently, since a red 1image must be finally reversed, a
selection direction of the scanning lines (or signal lines) for
red 1mages 1 a driver circuit must be reversed to that for
oreen and blue 1images.

In the general driver circuit, one scanning line driver
circuit 1s disposed on the display device side. For example,
in FIG. 5A, 1n order to conduct the backward selection of the
scanning lines, a scanning line driver circuit for a forward
selection may be disposed on one side of the liquid crystal
pixel portion, whereas a scanning line driver circuit for a
backward selection may be disposed on an opposite side
thereof. Alternatively, in FIG. 5B, a scanning line driver
circuit for the forward selection as well as a scanning line
driver circuit for the backward selection 1s disposed on one
side of the liquid crystal pixel portion. With those
arrangements, a bi-directional driver circuit 1s constructed.

Compared with the manufacture of two kinds of display
devices for the forward and backward selections, the above
arrangement does not require two kinds of masks for
manufacturing, and does not increase the manufacturing
steps, thereby being capable of lowering the costs. However,
since the number of drive circuits are increased, the display
device per se cannot be prevented from becoming large in
size. Also, the frequency of the defects 1s increased, which
a significant factor that causes the yield to be lowered.
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In the conventional line sequential scanning of the delay
signal transmission system using the shift register, one
defective circuit causes a signal not to be transmitted to the
succeeding circuit thereby making the entire circuit moper-
able. As a result, an excellent display cannot be obtained,
and a yield 1s lowered 1n the enftire display device. Also, to
obtain the reverse 1image, two kinds of driver circuits, having
a driver circuit for the forward selection and a driver circuit
for the backward selection, are required.

SUMMARY OF THE INVENTION

To improve the foregoing drawback, the mventors of the
present mvention conceived a decoder driver circuit which
directly selects a display pixel portion in accordance with an
address signal by replacing the shift register portion by a
decoder circuit.

FIG. 3 1s a circuit block diagram showing a decoder driver
circuit of the digital system.

An address signal of a pixel to be displayed 1s 1input to an
address decoder 301 from an external terminal, and a display

pixel 1s selected as a binary digital signal in the address
decoder 301.

The address signal constitutes a latch pulse 303 mput to
first latch circuits 302 connected 1n parallel to each other by
the number corresponding to the number of bits of an 1mage
signal. The latch circuits 302 are comprised of a D-type
(delay-type) flip flop circuit (D-F.F. circuit), respectively.

Data signals 304 for selecting a gradation are input to
those latch circuits 302, and the gradation of 1mage data to
be displayed is selected at a timing of the latch pulse 303
output from the address decoder 301, and then stored in the
latch circuits 302 as a logic.

In this situation, the selected signal i1s input 1n the first
latch circuit 302 as an input signal of succeeding second
latch circuits 305 connected 1n series to the first latch circuits
302. The second latch circuits 305 output signals synchro-
nized with a scanning timing of one time of the display
device 1n accordance with a latch pulse 306 provided from
the external. The signals output from the second latch
circuits 305 are input to a decoder 307 1n a state where the
oradation of the 1mage data to be displayed 1s selected.

The outputs of the decoder 307 are 1nput to the gates of
analog switches 309 connected to gradation signals 308
prepared by resistance-dividing a potential corresponding to
the gradation 1n advance, where a pixel to be displayed and
its gradation are selected. The selected digital display data 1s
transmitted to a pixel portion to be displayed through a
signal line 310.

The decoder type driver circuit prevents one defective
circuit from adversely affecting other components to obtain
an excellent display state and 1s remarkably improved 1n 1its
yield at the display device.

Also, the decoder type driver circuit 1s capable of lower-
ing the consumption power because of the display driver
circuit using a random access, with which the costs are
expected to be low.

However, 1n the decoder type driver circuit, as the number
of bits 1s increased, the number of input terminals 1is
increased. Each iput terminal 1s connected with an address
signal line from the external. The input terminals occupy the
large area of an upper surface of a substrate because they are
connected to the address signal lines. As a result, if the
number of mput terminals are increased, an area for arrang-
ing the iput terminals are increased. This causes an addi-
tional problem that this arca prevents the display device
from being miniaturized.
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Further, in the driver circuit of the address decoder
system, with the number of bits of the address signals to be
increased, an 1ncrease 1n wirings and an 1ncrease 1n an arca
necessary for wiring are unavoidable. Also, since a voltage
1s applied to the address signal lines at random, there 1s the
possibility that cross-talk occurs.

An object of the present mnvention 1s to provide a driver
circuit of the address decoder system for eliminating the

above problem and improving the yield of the display
device.

Another object of the present mnvention 1s to provide a
driver circuit of the address decoder system for eliminating
the above problem and enabling the bidirectional scanning
of scanning lines or signal lines without providing an
additional driver circuit for scanning the scanning lines or
signal lines backward.

Another object of the present invention 1s to provide a
driver circuit of the address decoder system which remark-
ably reduces the number of terminals and facilitates minia-
turization of the display device.

According to the present invention, there 1s provided a
display device driver circuit which comprises a synchronous
clock counter, an address decoder circuit which mputs an
output of the synchronous clock counter as an address
signal, and a plurality of signal lines or a plurality of
scanning lines which are connected to the address decoder
circuit.

According to the present invention, there 1s also provided
a display device driver circuit which comprises a synchro-
nous clock counter an address decoder circuit which inputs
an output of the synchronous clock counter as an address
signal, and a plurality of signal lines or a plurality of
scanning lines which are connected to the address decoder
circuit, wherein the synchronous clock counter comprises an
up and down counter.

According to the present invention, there 1s further pro-
vided m a driver circuit for an active matrix type display
device for performing multi-gradation display, a signal line
driver circuit which comprises a synchronous clock counter,
an address decoder circuit which mnputs an output of the
synchronous clock counter as an address signal, a gradation
storing circuit for storing gradation data, a gradation syn-
chronous circuit for synchronizing an output timing of the
oradation data stored in the gradation storing circuit with a
scanning timing of the display device, and a circuit for
converting the gradation data synchronized by the gradation
synchronous circuit 1into an analog gradation voltage.

According to the present invention, there 1s provided 1n a
driver circuit for an active matrix type display device for
performing multi-gradation display, a signal line driver
circuit which comprises a synchronous clock counter, an
address decoder circuit which mputs an output of the syn-
chronous clock counter as an address signal, a gradation
storing circuit for storing gradation data, a gradation syn-
chronous circuit for synchronizing an output timing of the
oradation data stored in the gradation storing circuit with a
scanning timing of the display device, and a circuit for
converting the gradation data synchronized by the gradation
synchronous circuit 1nto an analog gradation voltage,
wherein the synchronous clock counter comprises an up and
down counter.

According to the present invention, there 1s provided 1n a
driver circuit for an active matrix type display device, a
signal line driver circuit which comprises a synchronous
clock counter, an address decoder circuit which mputs an
output of the synchronous clock counter as an address
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signal, and an amplifier circuit for amplifying a signal output
from the address decoder to output an amplified signal to a
scanning line.

According to the present mnvention, there 1s provided 1n a
driver circuit for an active matrix type display device, a
signal line driver circuit which comprises a synchronous
clock counter, an address decoder circuit which inputs an
output of the synchronous clock counter as an address signal
and an amplifier circuit for amplifying a signal output from
the address decoder to output an amplified signal to a
scanning line, wherein the synchronous clock counter com-
prises an up and down counter.

That 1s, according to the present invention, the selection
of the signal lines or the scanning lines 1s conducted by the
address decoder circuit, and an output of the synchronous
clock counter 1s used as an address signal input to the
address decoder circuit.

The synchronous counter includes JK-E.F. circuits con-
nected 1n parallel to each other which receive a clock signal
as an 1nput signal and have the number of bits necessary for
counting the signal lines or the scanning lines.

According to the present invention, the output of the
synchronous counter to the clock signal 1s mput to the
address decoder circuit as an address signal. This structure
enables line sequential scanning which uses no shift register,
1.€., which 1s not of the delay signal transmission type.

In the display device driver circuit of the present
invention, an 1nput signal line to the driver circuit 1s only one
for a clock pulse, and the number of 1nput terminals can be
remarkably reduced 1n comparison with a system 1n which
the signal lines or the scanning lines are selected by the
address decoder system. As a result, the device can be
miniaturized.

Also, 1n the address decoder circuit, even if a defect
occurs in a circuit connected to one signal line (or one
scanning line), circuits connected to other signal lines (or
scanning lines) are not adversely affected by the defective
circuit. Accordingly, such a problem caused by the driver
circuit using the shift register circuit that all the circuits
downstream of the defective circuit, fail to display, can be
prevented. As a result, a display device which performs an
excellent display, can be obtained with an 1improved yield.

Further, in the driver circuit of the present invention, a
direction of selecting the signal lines or the scanning lines
can be readily changed to forward or backward by selecting
whether the synchronous counter 1s operated at the rise of
the clock signal (up-count) or at the fall thereof (down-
count), and the bidirectional driving is enabled without an
increase 1n number of drive circuits.

A counter 1s roughly classified into a non-synchronous
counter and a synchronous counter. The non-synchronous
counter 1s shown in FIG. 6.

The JK-F.F. circuits which receive the clock pulse CP 601
as an mput signal are connected in series at n-stages by the
number of bits necessary for counting the signal lines or the
scanning lines. When the number of pixels 1n the horizontal
direction 1s 500, 1.¢., the number of signal lines 1s 500, 9 bits
are necessary for the iput of the signal line driver circuit.

The 1nput signal of the JK-F.F. circuit at the second stage
or subsequent stages 1s an output signal of the JK-F.F. circuit
at 1ts preceding stage. For counting the input clock pulse, 1t
1s required that the JK-F.F. circuit at the first stage reverses
a signal every time it receives one clock pulse, the JK-F.F.
circuit at the second stage reverses the signal every time it
receives two clock pulses, and the other JK-F.F. circuits hold
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the signal. For that reason, the JK-F.F. circuit at the first
stage reverses the signal every time 1t receives the clock
signal with high level signals to be mput to the J and K input
terminals thereof. Similarly, the J and K 1nput terminals of
the JK-F.F. circuit at the second or succeeding stages are
held to a high level, and an output signal of the circuit rises
at a timing when the input signal 1s changed from high

(referred to as “H”) to low (referred to as “L”). A waveform
shown 1n FIG. 7 1s obtained.

However, 1n the non-synchronous counter, since the count
at the second or succeeding stages depends on the output
signal of the circuit at the fore-stage, the storage of the
transmission delay time 1s actually caused, which makes 1t
difficult to conduct the high speed operation. In addition,
hazard occurs with the delay of that signal. Accordingly, the
non-synchronous counter 1s improper for the high clock
frequency. For that reason, the synchronous counter 1s used
in the present 1nvention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows an entire liquid crystal dis-
play device;

FIG. 2 shows a line sequential scanning driver circuit of
the analog system;

FIG. 3 shows a digital driver circuit using an address
decoder;

FIG. 4 shows the structure of a projection type display
device of the three plate type;

FIGS. 5A and 5B schematically shows a display device on
which a bidirectional driver 1s mounted;

FIG. 6 shows the logic circuit of a non-synchronous
counter,

FIG. 7 shows an output waveform of a counter circuit;
FIG. 8 shows the logic circuit of a synchronous counter;

FIG. 9 shows a signal line driver circuit using a counter
In an embodiment;

FIG. 10 shows the logic circuit of an up and down
counter,

FIG. 11 shows an output waveform of the up counter;

FIG. 12 shows an output waveform of the down counter;
and

FIG. 13 shows a scanning line driver circuit using a
counter in an embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A description will now be given of an example of a liquid
crystal display device of the active matrix type with the
structure of the present invention.

In the liquid crystal display device of the present
invention, having the structure shown in FIG. 1, a signal line
driver circuit 101 and a scanning line driver circuit 102 are
disposed, and the output signal of a synchronous counter
forms an address signal which 1s input to the address decoder
circuit.

A liquid crystal pixel portion 103 1s located so that pixel
clectrodes and counter electrodes both arranged 1n the form
of a matrix are opposed to each other through liquid crystal.

The drain electrode of a thin film transistor (TFT) con-
stituting the switching element 1s connected to each pixel
electrode. The source electrode of each TFT 1s connected
with the signal line, and the gate electrode thereof 1s
connected with the scanning line.
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The signal line driver circuit of this embodiment 1s shown
in FIG. 9. Here, a synchronous counter 902 will be
described. The synchronous counter 902 does not taken an
output signal of the circuit at a fore-stage as an mput signal
but provides a clock pulse to the respective stages as an input
signal. Also, the synchronous counter 902 performs an
accurate count without a time delay, which 1s a defect of the

non-synchronous counter, by controlling the J and K inputs
thereof.

In FIG. 8, the synchronous counter 1s comprised of
JK-F.F. (flip flop) circuits which receive a clock pulse CP as
an input signal, and are connected 1n parallel at n-stages by
the number of bits necessary for counting the signal lines.

In this example, to conduct the monochrome display with
the pixel structure of 500x500, 9 bits are necessary for the
input of the signal line driver circuit. The clock pulse 1s input
o the respective stages simultaneously.

The circuit operation will now be described below.

When the output signal of the circuit at a (Qn-1)-th stage
1s to be held at the output terminal of the circuit at a Qn-th
stage, both of the J and K imnput terminals 1s set to be a low
level (L) signal. When the output signal of the circuit at the
(Qn-1)-th stage is to be forcedly reversed at the output
terminal of the circuit at the Qn-th stage, both of the J and
K input terminals must be set to a high level (H) signal.

For this reason, the J and K mnput terminals of the JK-E.F.
circuit at the first stage are set to be the H signal so that the
circuit reverses the signal every time it receives the clock
signal. The output waveform is shown in (a) of FIG. 7.

It 1s required that the JK-EF.F. circuit at the second stage
reverses the signal every time 1t receives two clock pulses,
and 1t hold the signal 1n other cases. Therefore, the output
signal of the JK-F.F. circuit at the fore-stage 1s used as the
J and K 1nput signals. That 1s, a signal held by 1itself 1s
reversed after the output signal of the circuit at the fore-stage
1s changed to the H signal without the J and K 1nput
terminals to be set to the H signal. The output waveform 1is

shown in (b) of FIG. 7.

The J and K 1nput terminals at the third or succeeding
stages are controlled as follows: As 1s apparent from FIG. 7,
the output of the Qn-th stage is reversed (J and K inputs are
the H signal) when all of the QO0-th, Q1-th, . . . (Qn-1)-th
stages are the H signal. Therefore, 1f the output signal of the
AND circuit of the QO0-th, Q1-th, . . . (Qn-1)-th stages 1s an
input signal of the J and K input terminals of the JK-F.F.
circuit at the n-stage, when all of the QO0-th, Q1-th, . . .
(Qn-1)-th stages are the H signal, then J and K inputs=the
H signal, the output signal of the JK-F.F. circuit at the
n-stage 1s reversed, and in other cases, a signal 1s held. The
output waveform is shown in (c¢) of FIG. 7.

In the signal line driver circuit shown 1n FIG. 9, the clock
pulse CP 901 is input to the synchronous counter 902 as an
input signal. In this situation, the number of clocks counted
1s regarded as an address signal, and the address signal is
input to an address decoder 904 through address lines 903,
and a display pixel 1s selected as a binary digital signal.

Therefore, the address lines 903 does not exist upstream
of the synchronous counter 902, and only one wiring for the
clock pulse CP 901 is drawn out (extended) from the

synchronous counter 902 to an external connection terminal.

The address signal forms a latch pulse 906 of first latch
circuits 905 connected 1n parallel by the number correspond-
ing to the number of bits of an image signal (gradation
signal). The first latch circuits 905 are comprised of delay
flip flop circuits (D-F.F. circuits).
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The first latch circuits 905 receive data signals 907
supplying gradation data as an 1nput signal. The first latch
circuits 905 receive gradation signals representing the data
signals 907 at a timing of the latch pulse 906 output from the
address decoder 904, and then store the results inside thereof
as a logic.

The selected signal 1s taken as an 1nput signal of succeed-
ing second latch circuits 908 which are connected in series
with the first latch circuits 905. The second latch circuits 908
output a signal synchronized with the scanning timing of one
time of the display device in accordance with a latch pulse
909 supplied from the external, and the output signal 1s 1nput
to a decoder 910 1n a state where the gradation of the image
data to be displayed 1s selected.

The output of the decoder 910 1s 1input to the gate of an
analog switch 912 corresponding to the input gradation data.

The analog switches 912 are connected to lines of gra-
dation signals 911. The lines of the gradation signals 911 are
prepared by resistance-dividing a voltage corresponding to
the gradation.

The selected one of the gradation signals 911 is output to
the pixel portion to be displayed through a signal line 913.
If necessary, the gradation signals 911 may be amplified by
an amplifying circuit (not shown) before they are output to
the pixel portion.

Next, the bidirectional drive 1s described below.

In the bidirectional drive, an up and down counter 1s used
which enables the selection as to whether the circuit 1s
operated at the rise of the clock signal 910 or at the fall
thereof.

The logic circuit of the up and down counter 1s shown 1n
FIG. 10. When H 1s 1nput to an mnput terminal S 1001 of a
switch for changing over the up counter and the down
counter, the counter changes over to the up counter, and the
circuit 1s operated at the fall of the clock. When L 1s 1nput
to the input terminal S 1001, the counter changes over to the
down counter, and the circuit 1s operated at the rise of the
clock.

The circuit operation of the up and down counter 1s
described below. The J and K mput terminals of the JK-F.F.

circuit at the first stage are held to H so that the JK-F.F.
circuit reverses a signal every time 1t receives a clock signal
likewise as 1n the foregoing example.

The J and K imput terminals of the JK-F.F. circuit at the

second or succeeding stages receives a signal obtained by
NANDing the up and down changing switch input S with

Q0, Q1, ..., Qn-1 by NAND circuit 1002 and NANDing,
a signal S 1008 obtained by inverting the switch input S with

the QO, Q1, . . . Qn-1 by NAND circuit 1003, and then
ORing those output signals by OR circuit 1004 through the
invertor.

The circuit operation when the mput S 1001 of the up and
down changing switch 1s H 1s described below. In the JK-F.F.
circuit at the second stage, the NAND output 1005 at the
upstream stage 1s L when Qn-1=H, but H when Qn-1=L. In
other words, since H 1s fixedly mput as a changing signal,
the output 1s changed 1n accordance with the level of Qn-1.

On the contrary, since the NAND output 1006 at the
downstream stage has L as a hold signal, the output 1s H at
all times regardless of the level of Qn-1.

Therefore, a signal inputting the OR circuit through the
invertor becomes H, L. when Qn-1=H, and the output 1007
becomes H (Qn is a signal inversion). On the other hand,
when Qn-1=L, that signal becomes L, L, and the output
1007 becomes L (Qn is a signal holding).
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The same circuit operation 1s conducted at the second and
succeeding stages, and the output waveform 1s shown 1n
FIG. 11. That 1s, when the mput S of the up and down
changing switch 1s H, the counter acts as the up counter.
When all of the outputs Q0, Q1, . .., Qn-1 are H, then J and
K mputs become H, and the signal 1s reversed. If at least one
of the outputs QO0, Q1, ..., Qn-11s L, then Qn becomes 1n
a signal holding state.

The circuit operation when the input S of the up and down
changing switch 1s L 1s described below. In the JK-F.F.
circuit at the second stage, the NAND output 1005 at the
upstream stage 1s H at all times not depending on the level
of Qn-1 because L is 1nput as a fixed signal.

On the contrary, the NAND output 1006 at the down-
stream stage has L when Qn-1=H, but H when Qn-1=L. In
other words, since H 1s fixedly mput as a reverse signal of

the changing signal, the output 1s changed depending on the
level of Qn-1.

Therefore, when Qn-1=H, a signal inputting the OR
circuit through the invertor becomes L, L and the output
1007 becomes L (Qn is a signal holding). On the other hand,
when Qn-1=L, that signal becomes H, L, and the output
1007 becomes H (Qn is a signal inversion).

The output waveform obtained in the same manner 1s
shown 1n FIG. 12. In other words, when the input S of the
up and down changing switch 1s L, the counter acts as the
down counter. When all of the outputs Q0, Q1, . .., Qn-1
are L, then J and K 1mnputs become H and the signal of Qn
1s reversed. It at least one of the outputs QO0, Q1, .. ., Qn-1
1s H, then Qn becomes 1n a signal holding state.

In this manner, the selection direction of the signal line
can be extremely readily changed over by the up and down
changing switch. For example, a direction of selecting the
signal lines can be changed from a state where the direction
1s shifted from the left to the right to a state where the
direction 1s shifted from the right to the left, thereby readily
obtaining an image the right and left of which are reversed.

Subsequently, the scanning line driver circuit in this
embodiment 1s shown 1n FIG. 13. In this example, even 1n
the scanning line driver circuit, the output of the synchro-
nous clock counter is input to the address decoder circuit as
an address signal.

In FIG. 13, the output of a synchronous counter 1302
which receives a clock pulse CP 1301 as an input signal 1s
used as an address signal input to an address decoder 1303.
An output of an address decoder 1303 1s amplified by a level
shifter 1305 and a buffer 1306 through a scanning line 1304
selected by the address designation of the address signal, and
then transmitted to a pixel portion 1307 connected with the
gate electrode of a thin film transistor of each pixel on one
line.

In the scanning line driver circuit, with a synchronous
clock counter provided as an up and down counter, the
selection direction of the scanning lines can be changed. In
this case, with such a changing, the upper and lower portions
of the display 1image can be reversed.

The liquid crystal display device structured by the present
invention as described above can obtain an excellent display
state without any from defective signal line on the other
signal lines, even though the defective signal line causes the
impossibility of display.

Also, since there 1s no wiring of address signal lines but
only a clock pulse wiring extended in the periphery of the
circuit, no area where the address signal lines are connected
1s required, and the device can be miniaturized.

10

15

20

25

30

35

40

45

50

55

60

65

10

Further, when three liquid crystal display devices of this
type are used for the projection type display device shown
in FIG. 4, the reverse display image and the non-reverse
image can be obtained without providing an additional
driver circuit by the display devices having the same struc-
ture. As a result, an excellent projection 1mage can be
obtained.

As described above, according to the present invention,
the line sequential scanning (selection) is enabled instead of
the line sequential scanning (selection) driver circuit of the
delay signal transmission using the shift register.

For that reason, the defective circuit connected to one
signal line (or scanning line) does not adversely affect the
operation of the circuits at the post-stages, and an excellent
display state can be obtained. As a result, the yield of the
entire display device can be remarkably improved.

Also, the problems such as the increased size of the
display device, which 1s caused by an increase 1n the number
of external input terminals as a result of using the address

decoder, and the occurrence of a cross-talk due to an
increase 1n the number of mput lines, can be solved by the
application of the synchronous counter.

Compared with a case where an address value 1s directly
supplied to the address decoder circuit for driving, because
the number of wiring for address signal supply 1s one, that
1s remarkably reduced, the miniaturization of the device can
be facilitated.

Also, 1 the clock counter circuit, the direction of select-
ing the signal lines or the scanning lines can be changed over
by one driver circuit by selecting any one of the rise
operation and the fall operation. This causes the design and
the manufacturing process to be simplified, thereby being
capable of realizing reduced costs. In particular, 1n the
projection type display device, when the liquid crystal
display device for displaying a reverse image and the liquid
crystal display device for displaying a non-reverse image are
required, reduced costs are facilitated.

Further, the driver circuit of the present invention can be
used for any one of the signal line driver circuit and the
scanning line driver circuit.

What 1s claimed 1s:

1. An active matrix display device comprising:

a plurality of pixels in matrix form, each pixel including
a thin film transistor;

a plurality of signal lines and a plurality of scanning lines,
both of said lines connected to corresponding thin film
transistors, respectively;

at least one driver circuit being connected to either the
signal lines or the scanning lines for driving the pixels,
said driver circuit including:

a synchronous clock counter functioning as an up and
down counter, said synchronous clock counter
receiving a clock signal and an mnput of an up and
down changing switch; and

an address decoder circuit receiving output of the
synchronous clock counter as address signals
through address lines,

wherein a direction of selecting the signal lines or the
scanning lines by the address decoder circuit is
changed by selecting whether the up and down
counter 1s operated at a rise of the clock signal or at
a fall thereof according to the mnput of the up and
down changing switch, and wherein said address
lines connect said address decoder circuit with only
said synchronous clock counter.

2. A device according to claim 1 wherein the pixels, the
signal and scanning lines, and the driver circuit including the
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synchronous clock counter and the address decoder are
provided on a same substrate.

3. A device according to claim 1 wheremn the display
device includes an active matrix lhiquid crystal display
device.

4. A device according to claim 1 wherein the address
decoder circuit connects to either the signal lines or the scan
lines and conducts selection of the connected lines using the
address signals.

5. A device according to claim 1 wherein address lines do
not exist upstream of the synchronous clock counter.

6. A device according to claim 1 wherein when said input
of the up and down changing switch 1s High, the up and
down counter changes over to an up counter and 1s operated
at the fall of the clock signal.

7. A device according to claim 1 wherein when said input
of the up and down changing switch 1s Low, the up and down
counter changes over to a down counter and 1s operated at
the rise of the clock signal.

8. An active matrix display device comprising:

a pixel circuit having a plurality of pixels 1n matrix form,
cach pixel including a thin film transistor;

a plurality of signal lines and a plurality of scanning lines,
both of said lines connected to corresponding thin film
transistors, respectively;

at least one driver circuit being connected to either the

signal lines or the scanning lines for driving the pixel

circuit, said driver circuit including:

a synchronous clock counter, said counter receiving a
clock signal and an 1nput of an up and down chang-
ing switch;

an address decoder circuit being connected to the
synchronous clock counter through address lines and
connected to either the signal lines or the scanning
lines,

wherein the address decoder circuit conducts a selec-
tion of the connected lines for switching the thin film
transistor of the pixel to be displayed according to
address signals generated from said synchronous
clock counter,

wherein the synchronous clock counter functions as an
up and down counter for changing a direction of the
selection of said lines and 1s operated at either a rise
of the clock signal or at a fall thereof according to the
input of the up and down changing switch, and
wherein said address signal 1s the number of clocks
counted by the synchronous clock counter.

9. A device according to claim 8 wherein the pixel circuit,
the signal and scanning lines, and the driver circuit including
the synchronous clock counter and the address decoder are
provided on a same substrate.

10. A device according to claim 8 wherein the display
device includes an active matrix lhiquid crystal display
device.

11. A device according to claim 8 wherein the selection of
the connected line 1s conducted using the address signal.

12. A device according to claim 8 wherein address lines
do not exist upstream of the synchronous clock counter.

13. Adevice according to claim 8 wherein when said 1input
of the up and down changing switch 1s High, the up and
down counter changes over to an up counter and 1s operated
at the fall of the clock signal.

14. Adevice according to claim 8 wherein when said input
of the up and down changing switch 1s Low, the up and down
counter changes over to a down counter and 1s operated at
the rise of the clock signal.

15. An active matrix display device for performing a
plurality of gradation displays, comprising:
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a pixel circuit having a plurality of pixels mn matrix form,
cach pixel including a thin film transistor;

a plurality of signal lines and a plurality of scanning lines,
both of said lines connected to corresponding thin film
transistors, respectively; and

at least one signal line driver circuit, said signal line driver

circuit comprising:

a synchronous clock counter functioning as an up and
down counter, said synchronous clock counter
receiving a clock signal and an nput of an up and
down changing switch;

an address decoder circuit connected to the synchro-
nous clock counter through address lines for receiv-
ing output of the synchronous clock counter as
address signals,

a storage circuit for storing gradation data in accor-
dance with an output of the address decoder circuit,

a synchronizing circuit for synchronizing an output
timing of the gradation data stored in the storage
circuit with a display scan timing, and

a converting circuit for converting the output gradation
data into an analog gradation voltage,

wherein a direction of selecting the signal lines by the
address decoder circuit 1s changed by selecting
whether the up and down counter 1s operated at a rise
of the clock signal or at a fall thereof according to the
input of the up and down changing switch, and

wherein said address lines connect said address decoder
circuit with only said synchronous clock circuit.

16. A device according to claim 15 wherein the signal
lines are connected to the converting circuit.

17. A device according to claim 15 wheremn the pixel
circuit, the signal and scanning lines, and the signal line
driver circuit including the synchronous clock counter, the
address decoder, the store circuit, the synchronizing circuit,
and the converting circuit are provided on a same substrate.

18. A device according to claim 15 wherein when said
input of the up and down changing switch 1s High, the up
and down counter changes over to an up counter and 1s
operated at the fall of the clock signal.

19. A device according to claim 15 wherein when said
input of the up and down changing switch 1s Low, the up and
down counter changes over to a down counter and 1is
operated at the rise of the clock signal.

20. A device according to claim 15 wherein any address
lines do not exist upstream of the synchronous clock counter.

21. An active matrix display device for performing a
plurality of gradation displays, comprising:

a pixel circuit having a plurality of pixels in matrix form,

cach pixel including a thin film transistor;

a plurality of signal lines and a plurality of scanning lines,
both of said lines connected to corresponding thin film

transistors, respectively; and

at least one signal line driver circuit, the signal line driver
circuit mncluding;:

a synchronous clock counter, said counter receiving a
clock signal and an 1nput of an up and down chang-
ing switch;

an address decoder connected to the synchronous clock
counter through address lines for receiving output of

the synchronous clock counter as address signals,

a storage circuit for storing gradation data in accor-

dance with output of the address decoder circuit,

a synchronizing circuit for synchronizing an output
timing of the gradation data stored in the storage
circuit with a display scan timing, and
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a converting circuit for converting the output gradation
data 1nto an analog gradation voltage,

wherein the synchronous clock counter functions as an
up and down counter for changing a direction of a
sclection of the signal lines and 1s operated at either
a r1se of the clock signal or at a fall thereof according
to the mnput of the up and down changing switch, and
wherein said address signal 1s the number of clocks
counted by the synchronous clock counter.

22. A device according to claim 21 wherein the signal
lines are connected to the converting circuit.

23. A device according to claim 21 wherein the pixel
circuit, the signal and scanning lines, and the signal line
driver circuit including the synchronous clock counter, the
address decoder, the store circuit, the synchronizing circuit,
and the converting circuit are provided on a same substrate.

24. A device according to claim 21 wherein when said
input of the up and down changing switch 1s High, the up
and down counter changes over to an up counter and 1s
operated at the fall of the clock signal.

25. A device according to claim 21 wherein when said
input of the up and down changing switch 1s Low, the up and
down counter changes over to a down counter and 1is
operated at the rise of the clock signal.

26. A device according to claim 21 wherein any address
lines do not exist upstream of the synchronous clock counter.

27. An active matrix display device comprising:

a pixel circuit comprising a plurality of pixels in matrix

form, each pixel including a thin film transistor;

a plurality of signal lines and a plurality of scanning lines,
both of said lines connected to corresponding thin film
transistors, respectively; and

at least one scanning line driver circuit, said scanning line

driver circuit including:

a synchronous clock counter functioning as an up and
down counter, said synchronous clock counter
receiving a clock signal and an 1nput of an up and
down changing switch;

an address decoder circuit for receiving output of the
synchronous clock counter as address signals
through address lines; and

a plurality of amplifier circuits for amplifying output of
the address decoder circuit, the amplifier circuits
being connected to the scanning lines,

wherein a direction of a selection the scanning lines by
the address decoder circuits 1s changed by selecting,
whether the up and down counter 1s operated at a rise
of the clock signal or at a fall thereof according to the
input of the up and down changing switch, and
wherein said address lines connect said address
decoder circuit with only said synchronous clock
counter.

28. A device according to claim 27 wherein the address
decoder circuit conducts a selection of the connected signal
lines for switching the pixels to be displayed.

29. A device according to claim 27 wherein the address
lines do not exist upstream of the synchronous clock counter.

30. A device according to claim 27 wherein when said
input of the up and down changing switch 1s High, the up
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and down counter changes over to an up counter and 1s
operated at the fall of the clock signal.

31. A device according to claim 27 wherein when said
input of the up and down changing switch 1s Low, the up and
down counter changes over to a down counter and 1is
operated at the rise of the clock signal.

32. A device according to claim 27 wherein the pixel
circuit, the signal and scanning lines, and the scanning line
driver circuit including the synchronous clock counter, the
address decoder, and the amplifier circuits are provided on
a same substrate.

33. An active matrix display device comprising:

a pixel circuit having a plurality of pixels in matrix form,
cach pixel including a thin film transistor;

a plurality of signal lines and a plurality of scanning lines,
both of said lines connected to corresponding thin film
transistors, respectively; and

at least one scanning line driver circuit, said scanning line

driver circuit including;:

a synchronous clock counter functioning as an up and
down counter, said synchronous clock counter
receiving a clock signal and an input of an up and
down changing switch;

an address decoder circuit receiving output of the
synchronous clock counter as address signals
through address lines; and

a plurality of amplifier circuits for amplifying output of
the address decoder circuit,

wherein the address decoder circuit conducts a selec-
tion of the scanning lines for switching the thin film
transistors of the pixel to be displayed,

wherein a direction of the selection of the lines 1s
changed forward or backward 1n accordance with
output of the up and down counter,

wherein said synchronous clock counter 1s operated at
cither a rise of the clock signal or at a fall thereof
according to the input of the up and down changing
switch, and wherein said address signal 1s the num-
ber of clocks counted by the synchronous clock
counter.

34. A device according to claim 33 wherein the pixel
circuit, the signal and scanning lines, and the scanning line
driver circuit including the synchronous clock counter, the
address decoder, and the amplifier circuits are provided on
a same substrate.

35. A device according to claim 33 wherein address lines
do not exist upstream of the synchronous clock counter.

36. A device according to claim 33 wherein when said
mnput of the up and down changing switch 1s High, the up
and down counter changes over to an up counter and 1s
operated at the fall of the clock signal.

37. A device according to claim 33 wherein when said
input of the up and down changing switch 1s Low, the up and
down counter changes over to a down counter and 1is
operated at the rise of the clock signal.
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